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(57) ABSTRACT 

Device for generating a hologram pattern including: select 
ing means for selecting, as cross section ranges Which are in 
a plurality of cross sections parallel to hologram pattern in 
3D object and Which are ranges used for generating holo 
gram pattern, cross section ranges Which overlap ranges in 
other cross sections When the relevant cross section is 
perspectively seen from a predetermined observation point 
on the hologram pattern; depth integrating means for cal 
culating, for lattice points in one cross section range, a depth 
integral function acquired by integrating an inverse diffrac 
tion function for determining hologram pattern for display 
ing points of 3D object With respect to respective lattice 
points in the cross section ranges Which overlap the relevant 
lattice point; and inverse Fourier transform means for gen 
erating hologram pattern by performing two-dimensional 
inverse transform on depth integral functions With respect to 
plurality of lattice points in one cross section range. 
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GENERATION OF A HOLOGRAM PATTERN 

FIELD OF THE INVENTION 

[0001] The present invention relates to a generation 
device, a generation method, a program, and a recording 
medium for generating a hologram pattern. It also relates to 
generating a hologram pattern using a computer, Wherein the 
hologram pattern displays a 3D object based on the 3D 
object to be displayed. 

BACKGROUND OF THE INVENTION 

[0002] Heretofore, holography technology capable of 
causing an observer to perceive a three-dimensional object 
has been used. Since holography technology does not 
require a special device and the like and can cause an 
observer to intuitively and correctly perceive a 3D object 
Without imposing a strain on the eye of the observer, 
holography technology has a Wide range of applications. For 
example, holography technology is used in the ?elds of 
exhibition, advertisement, medical care, education, enter 
tainment, and the like. 

[0003] The principle of holography technology Will be 
described. FIG. 6 shoWs an example of a hologram optical 
generation system 60 for optically generating a hologram 
pattern. The hologram optical generation system 60 includes 
a lighting ?xture 610, a light-emitting device 620, a holo 
gram 630, and a light-emitting device 640. First, the holo 
gram optical generation system 60 performs the processing 
beloW in order to generate the interference of light (S62). 
The lighting ?xture 610 irradiates light to an object 600 to 
be displayed. The object 600 re?ects the light irradiated 
from the lighting ?xture 610 as an object beam onto the 
hologram 630. The light-emitting device 620 irradiates a 
reference beam to the hologram 630. Thus, interfering light 
in Which the object and reference beams interfere With each 
other is generated. 

[0004] The hologram 630 records the Wavelength and 
phase of the interfering light generated in S62 as an inter 
ference pattern (S64). For example, the hologram 630 is a 
predetermined optical ?lm and is exposed to the interfering 
light to record the Wavelength and phase of the interfering 
light. The light-emitting device 640 irradiates the reference 
beam to the hologram 630 (S66). The hologram 630 diffracts 
the reference beam irradiated from the light-emitting device 
640 With the interference pattern and re?ects the reference 
beam as a reconstructed beam toWard an observer. The 
observer perceives the Wavelength and phase of light 
recorded on the hologram 630 by observing the recon 
structed beam (S68). Thus, the observer can perceive a 3D 
object 650, Which is the same as the object 600. 

[0005] In What folloWs, consideration is given to the 
folloWing documents: 

[0006] Non-patent Literature 1) High-Speed Holographic 
Stereogram Calculation Method Using 2D FFT, SPIE, Vol. 
3010, p49 

[0007] Non-patent Literature 2) Recurrence formulas for 
fast creation of synthetic three-dimensional hologram, 
Applied Optics, Vol. 39, No. 35, p 6587 

[0008] Moreover, in recent years, With the progress of 
computers and the trend toWard higher de?nitions of LCD 
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panels, a method of generating a hologram pattern using a 
computer to display the hologram pattern using an LCD 
panel is receiving attention (e.g., refer to Non-patent Lit 
erature 1 and Non-patent Literature 2). KnoWn methods are 
divided into, for example, the folloWing tWo groups: 

[0009] Method 1 

[0010] An object is regarded as a set of point light sources. 
Then, for each point light source, Fresnel-Kirchhoff integral, 
Which determines a light Wave coming from the point light 
source, is calculated. 

[0011] Method 2 

[0012] For each of cross sections When an object is 
divided into planes perpendicular to the depth direction, a 
diffraction pattern, e.g., a Fraunhofer diffraction pattern, a 
Fresnel diffraction pattern, or a Fourier diffraction pattern, 
generated by light coming from the relevant cross section, is 
integrated in the depth direction. 

[0013] In general, optically manufacturing a hologram 
pattern requires various equipment, e.g., a device for gen 
erating a predetermined reference beam, a ?lm for recording 
an interference pattern, a darkroom for exposing a hologram, 
and the like. In particular, optically manufacturing a holo 
gram for reconstructing a moving image requires enormous 
cost and time. 

[0014] Moreover, a knoWn method of electronically gen 
erating a hologram also requires enormous computation 
time. For example, in a knoWn tWo-dimensional image, each 
pixel is related to each portion of an object to be displayed. 
On the other hand, each pixel of a hologram pattern needs 
to record interfering light of a light Wave coming from the 
entire object to be displayed. Accordingly, the creation of a 
hologram pattern requires more calculations compared With 
the case Where general three-dimensional computer graphics 
are generated. 

[0015] For example, according to the above-described 
Method 1, the computation time required for the creation of 
a hologram is proportional to the product of the number of 
pixels of the hologram, the number of point light sources, 
and the computation time in Which one point light source 
determines one pixel. In the case Where a moving image is 
created by this method using a computer, computing per 
formance as high as several peta?ops is required. On the 
other hand, according to Method 2, computation time is 
proportional to the product of the computation time for 
determining a hologram pattern from one cross section and 
the number of cross sections. This method also requires 
computing performance of approximately 100 giga?ops to 1 
tera?ops. 

SUMMARY OF THE INVENTION 

[0016] In order to solve the above problems, a ?rst aspect 
of the present invention provides a generation device for 
generating a hologram pattern for displaying a 3D object 
based on the 3D object to be displayed, the generation 
device including: selecting means for selecting, as a cross 
section range in each cross section of a plurality of cross 
sections into Which the 3D object is divided and Which are 
parallel to the hologram pattern, the cross section range to be 
used for generating the hologram pattern, a cross section 
range overlapping cross section ranges in other cross sec 
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tions in a case Where the relevant cross section is perspec 
tively seen from a previously determined observation point 
on the hologram pattern; depth integrating means for cal 
culating, for each of a plurality of lattice points in a 
coordinate system provided in one cross section range, a 
depth integral function acquired by integrating an inverse 
diffraction function for determining a hologram pattern for 
displaying points of the 3D object, With respect to respective 
lattice points in the plurality of cross section ranges, the 
respective lattice points overlapping the relevant lattice 
point in a case Where the plurality of cross section ranges are 
perspectively seen from the observation point; and inverse 
Fourier transform means for generating the hologram pattern 
by performing a tWo-dimensional inverse Fourier transform 
on the depth integral functions With respect to the plurality 
of lattice points in the one cross section range, a generation 
method using the generation device, a program for causing 
a computer to function as the generation device, and a 
recording medium having the program recorded thereon. 

[0017] Note that the above-described summary of the 
invention does not list all features necessary for the present 
invention and that subcombinations of these features can be 
also included in the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] For a more complete understanding of the present 
invention and the advantages thereof, reference is noW made 
to the folloWing description taken in conjunction With the 
accompanying draWings. 
[0019] FIG. 1 is a diagram for explaining functional 
blocks and the concepts of functions of a generation device 
10. 

[0020] FIG. 2 shoWs an operation How of the generation 
device 10. 

[0021] FIG. 3 shoWs a block diagram of a generation 
device 10 in a modi?ed eXample. 

[0022] FIG. 4 shoWs an operation How of the generation 
device 10 in the modi?ed eXample. 

[0023] FIG. 5 shoWs one eXample of the hardWare con 
?guration of the generation device 10 in the embodiment or 
the modi?ed eXample. 

[0024] FIG. 6 shoWs an eXample in Which a hologram 
pattern is optically generated. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] The present invention provides generation devices, 
methods and apparatus for generating a hologram pattern for 
displaying a 3D object based on the 3D object to be 
displayed. An eXample of a generation device includes: 
selecting means for selecting, as a cross section range in 
each cross section of a plurality of cross sections into Which 
the 3D object is divided and Which are parallel to the 
hologram pattern, the cross section range to be used for 
generating the hologram pattern, a cross section range 
overlapping cross section ranges in other cross sections in a 
case Where the relevant cross section is perspectively seen 
from a previously determined observation point on the 
hologram pattern; depth integrating means for calculating, 
for each of a plurality of lattice points in a coordinate system 
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provided in one cross section range, a depth integral function 
acquired by integrating an inverse diffraction function for 
determining a hologram pattern for displaying points of the 
3D object, With respect to respective lattice points in the 
plurality of cross section ranges, the respective lattice points 
overlapping the relevant lattice point in a case Where the 
plurality of cross section ranges are perspectively seen from 
the observation point; and inverse Fourier transform means 
for generating the hologram pattern by performing a tWo 
dimensional inverse Fourier transform on the depth integral 
functions With respect to the plurality of lattice points in the 
one cross section range, a generation method using the 
generation device, a program for causing a computer to 
function as the generation device, and a recording medium 
having the program recorded thereon. 

[0026] Hereinafter, the present invention Will be described 
by Way of advantageous embodiments. HoWever, the 
embodiments beloW are not intended to limit the invention 
commensurate With the scope of the claims, and all combi 
nations of the features described in the embodiment are not 
necessarily indispensable for solving means of the inven 
tion. 

[0027] FIG. 1 is a diagram for explaining functional 
blocks and the concepts of functions of a generation device 
10. The generation device 10 is a device Which, based on a 
3D object to be displayed as a diffraction pattern, generates 
and displays a hologram pattern for displaying the 3D 
object. Using the present draWing, a method in Which the 
generation device 10 displays a hologram pattern on an LCD 
145 in order to cause an observer to perceive a 3D object 105 
Will be described. 

[0028] The generation device 10 includes a 3D object 
database 100, selecting means 110, depth integrating means 
120, inverse Fourier transform means 130, display means 
140, and the LCD 145 for displaying the hologram pattern. 
The 3D object database 100 acquires data representing the 
3D object to be displayed from other device or the like 
communicating thereWith through a netWork and stores the 
data. Instead of this, the 3D object database 100 may acquire 
data representing the 3D object to be displayed from a 
three-dimensional scanner for reading the shape of an object 
to be displayed and store the data. For eXample, the 3D 
object to be displayed is a 3D object Which the observer 
perceives as the result of seeing the hologram pattern on the 
LCD 145. 

[0029] The selecting means 110 acquires the data repre 
senting the 3D object to be displayed, e.g., data representing 
the shape or the like of the 3D object 105, from the 3D object 
database 100. Then, the selecting means 110 selects cross 
section ranges 115-1 to 115-N, Which are ranges used for 
generating the hologram pattern, in a plurality of respective 
cross sections into Which the 3D object 105 is divided and 
Which are parallel to the LCD 145, and transmits informa 
tion for identifying the cross section ranges 115-1 to 115-N 
to the depth integrating means 120. 

[0030] Speci?cally, the selecting means 110 selects, as 
each of the cross section ranges 115-1 to 115-N in the 
respective cross sections, a range overlapping the cross 
section ranges in the other cross sections in the case Where 
the relevant cross section is perspectively seen from a 
previously determined observation point 148 on the holo 
gram pattern. 
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[0031] For each of a plurality of lattice points in a coor 
dinate system provided in one cross section range, the depth 
integrating means 120 calculates a depth integral function 
acquired by integrating an inverse diffraction function for 
determining a holograrn pattern for displaying points of the 
3D object, With respect to the respective lattice points in the 
plurality of cross section ranges Which overlap the relevant 
lattice point When the plurality of cross section ranges are 
perspectively seen from the observation point 148, and 
transmits the calculation result to the inverse Fourier trans 
form means 130. 

[0032] For example, for u(Xl, Y1, Z1), Which is a lattice 
point in the cross section range 115-1, the depth integrating 
means 120 calculates, as a depth integral function, a function 
acquired by integrating the inverse diffraction function With 
respect to u(X3, Y3, Z2), u(XS, Y5, Z3), and the like, Which 
are the lattice points in the respective cross section ranges 
115-1 to 115-N that overlap u(Xl, Y1, Z1) in the case Where 
the cross section ranges 115-1 to 115-N are perspectively 
seen from the observation point 148. 

[0033] Moreover, for u(X2, Y2, Z1), Which is a lattice point 
in the cross section range 115-1, the depth integrating means 
120 calculates, as a depth integral function, a function 
acquired by integrating the inversed if fraction function With 
respect to u(X4, Y4, Z2), u(X6, Y6, Z3), and the like, Which 
are the lattice points in the respective cross section ranges 
115-1 to 115-N that overlap u(X2, Y2, Z1) in the case Where 
the cross section ranges 115-1 to 115-N are perspectively 
seen from the observation point 148. 

[0034] The inverse Fourier transform means 130 generates 
a holograrn pattern by performing a two-dimensional inverse 
discrete Fourier transform, Which is one example of a 
two-dimensional inverse Fourier transform, on the depth 
integral functions received from the depth integrating means 
120, With respect to the plurality of lattice points in the one 
cross section range, e.g., With respect to u(Xl, Y1, Z1), u(X2, 
Y2, Z1), and the like, and transmits the hologram pattern to 
the display means 140. In this Way, the inverse Fourier 
transform means 130 performs an inverse Fourier transform 
once in order to generate one holograrn pattern. This enables 
the generation device 10 to generate the hologram pattern 
fast. 

[0035] Here, lattice points are, for example, points to be 
discretiZed in a two-dimensional inverse discrete Fourier 
transform performed by the inverse Fourier transform means 
130. 

[0036] The display means 140 displays the hologram 
pattern received from the inverse Fourier transform means 
130 on the LCD 145. Thus, the LCD 145 can cause the 
observer to perceive the 3D object 105 as holography. 

[0037] FIG. 2 shoWs an operation How of the generation 
device 10. The selecting means 110 selects the cross section 
ranges 115-1 to 115-N, Which are ranges used for generating 
the hologram pattern, in the plurality of respective cross 
sections into Which the 3D object 105 is divided and Which 
are parallel to the LCD 145 (S200). This Will be concretely 
described using the folloWing procedure. 

[0038] 1. Periodicity of Holograrn Pattern 

[0039] The diffraction pattern u(X, Y, Z) reconstructed on 
the cross section at a distance Z from the hologram pattern 
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in the case Where h(x, y) representing the hologram pattern 
on a holograrn H is perpendicularly irradiated With coherent 
light at a Wavelength 7», is determined by the Fraunhofer 
diffraction integral function given by Eq. 1 beloW. 

(Equation 1) 

ffdxdyMx, Winn-(5H0) 

[0040] Where k=2T|:/}\, and k represents the wave number of 
the light Wave. 

[0041] Using a Fourier transform, the integral on the 
right-hand side can be expressed as folloWs: 

(Equation 2) 

[0042] Moreover, since the display means 140 displays the 
hologram pattern using pixels arranged on the LCD 145, the 
hologram pattern h(x, y) can be expressed as Eq. 3 beloW. 

h(x, y) = Z gn,mX(x — "A, y — mA) (Equation 3) 
mm 

[0043] Where gn)rn represents the color displayed in the 
pixel at coordinates (n, In) on the LCD 145. Moreover, X (x, 
y) represents the aperture function of each pixel. Further 
more, A represents the inter-pixel distance of the LCD 145 
for displaying the hologram pattern. 

[0044] Under the above conditions, u(X, Y, Z) representing 
the diffraction pattern is determined by Eq. 4 beloW. 

u(X, Y, Z) : BiqHWXiLiJFMKAEZ , I: ) (Equation 4) 

_ A g: gmmxd —nA, y _ mA) I 3.12%] 

Zgn,mF[X(x —nA, y ?mmé = 1323i] 

[0045] Here, Eq. 6 beloW is the Fourier transform of the 
aperture function and therefore represents the contrast of the 
entire plane on Which the diffraction pattern is displayed. 
That is, Eq. 7 beloW is a term representing the shape of the 
diffraction pattern. 
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. x2 Y2 E uationS 
elk[Z+***2+T] ( q ) 

X Y (Equation 6) 

FM? 2) 
YA (Equation 7) 

[0046] Here, Eq. 7 is a Fourier series having gn)rn as 
coefficients and therefore has periodicity of kZ/A for each of 
X and Y. That is, Eq. 4 as a Whole, except for Eq. 5 
representing the phase of the light Wave and Eq. 6 repre 
senting the contrast of the entire plane, has periodicity of 
kZ/A. 

[0047] 2. Determination of Hologram Pattern Using 
Inverse Function of Fraunhofer Diffraction Integral Func 
tion 

[0048] The holograrn pattern h(x, y) for displaying the 
diffraction pattern u(X, Y, Z) is determined by Eq. 8 beloW, 
Which is the inverse function of the Fraunhofer diffraction 
integral function. 

(Equation 8) 

[0049] Here, the inverse diffraction function according to 
the present invention is, for example, an integrand With 
respect to coordinate variables in Eq. 8, Which is the inverse 
function of the Fraunhofer diffraction integral function. 

[0050] Using an inverse Fourier transform, the integral on 
the right-hand side can be expressed as folloWs: 

(Equation 9) 

[0051] 3. Selection of Cross Section Ranges 115-1 to 
115-N by Selecting Means 110 

[0052] The selecting means 110 selects the cross section 
ranges 115-1 to 115-N by setting the integration interval in 
the inverse function of the Fraunhofer diffraction integral 
function to the period described in the foregoing “1. Peri 
odicity of Holograrn Pattern.” 

[0053] First, as expressed by Eqs. 10 and 11, in the inverse 
diffraction function of Eq. 8, the selecting means 110 per 
forms a variable change from X and Y, Which are coordinate 
variables representing coordinates in each of the plurality of 
cross sections, to the variables acquired by dividing X and 
Y by the distance to the relevant cross section. 
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AX (Equation 10) 
Z T 

AY (Equation 11) 
AZ 

[0054] Moreover, in Eq. 8, the selecting means 110 sets the 
integration interval With respect to the coordinate variables 
after the variable change, to the same previously determined 
interval, e.g., the interval of 0 to 1, for each of the cross 
section ranges 115-1 to 115-N. Therefore, Eq. 8 is rnodi?ed 
into Eq. 12 beloW. 

J, J, “111/311 

[0055] Note that a constant term concerning the entire 
equation is omitted here. 

[0056] Therefore, the integration interval With respect to 
each of X and Y becomes the interval of 0 to kZ/A. That is, 
the selecting means 110 selects, as each of the cross section 
ranges 115-1 to 115-N, a range having sides in the X and Y 
directions Which are proportional to the distance from the 
LCD 145 to the relevant cross section and the Wavelength of 
the light Wave and inversely proportional to the inter-pixel 
distance of the LCD 145. Thus, the selecting means 110 can 
select the plurality of cross section ranges in the plurality of 
respective cross sections into Which the 3D object 105 is 
divided and Which are parallel to the LCD 145 such that the 
plurality of cross section ranges overlap When perspectively 
seen from the observation point 148 on the LCD 145. 

[0057] Subsequently, for each of a plurality of lattice 
points in one cross section range, the depth integrating 
means 120 calculates a depth integral function acquired by 
integrating the inverse diffraction function for determining 
the hologram pattern for displaying points of the 3D object, 
With respect to the respective lattice points in the plurality of 
cross section ranges Which overlap the relevant lattice point 
in the case Where the plurality of cross section ranges are 
perspectively seen from the observation point 148 (S210). 

[0058] A concrete example Will be described. First, the 
present example is based on the premise that the LCD 145 
has pixels arranged in N roWs and N colurnns. Moreover, the 
depth integrating means 120 deterrnines lattice points Which 
overlap each other in the respective cross section ranges 
115-1 to 115-N in the case Where the cross section ranges 
115-1 to 115-N are perspectively seen from the observation 
point 148, such that the lattice points are related to each of 
the pixels in the LCD 145. Thus, the inverse diffraction 
function representing the lattice points of the 3D object is 
given by Eq. 14. Note that the ?rst and second terms of the 
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integrand of Eq. 12, excluding the last exponential function, 
are omitted and expressed as Eq. 13. 

. (Equation 13) 

WHY, Y, Z) E e 

[0059] Therefore, the depth integrating means 120 can 
determine the hologram pattern for displaying lattice points 
on one cross section of the 3D object, as the function 
represented by Eq. 15 beloW. 

[0060] Here, the hologram pattern for displaying the 3D 
object can be generated by integrating Eq. 15 With respect to 
Z. For example, Eq. 16 is calculated. 

hid. E fdzDFl [Lawn] (Equation 16) 

[0061] HoWever, in order to calculate Eq. 16 as it is, a 
tWo-dimensional inverse discrete Fourier transform needs to 
be performed a number of times corresponding to the 
number of cross sections. On the other hand, if the process 
ing sequence of the tWo-dimensional inverse discrete Fou 
rier transform and the integral With respect to Z can be 
reversed, the number of times of processing the tWo-dimen 
sional inverse discrete Fourier transform can be reduced to 
one. Accordingly, the computation time can be reduced. 

[0062] Hereinafter, the reason Why the processing 
sequence can be reversed Will be described. 

[0063] Eq. 12 determining the diffraction pattern repre 
sents the processing of performing a tWo-dimensional 
inverse Fourier transform on the expression u(X, Y, Z) Which 
determines the diffraction pattern and then integrating the 
result With respect to the variable Z in the depth direction. 
Moreover, the tWo-dimensional inverse Fourier transform is 
an integral transform With respect to the coordinate variables 
after the variable change, and the integration interval thereof 
is 0 to 1. That is, since Eq. 12 is the integral of a cuboid 
region in the three-dimensional coordinate system after the 
variable change, the processing sequence of the tWo-dimen 
sional inverse Fourier transform and the integrating process 
ing can be reversed. 

[0064] Here, in Eq. 16, a processing corresponding to the 
tWo-dimensional inverse Fourier transform in Eq. 12 is 
discretiZed and performed as a tWo-dimensional inverse 
discrete Fourier transform. Therefore, in Eq. 16, the pro 
cessing sequence of the calculation of the series correspond 
ing to the tWo-dimensional inverse discrete Fourier trans 
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form and the processing of integrating With respect to the 
variable Z in the depth direction can be reversed. As a result, 
the depth integrating means 120 can perform the integral 
With respect to Z before the tWo-dimensional inverse discrete 
Fourier transform for the expression u(x, Y, Z) determining 
the diffraction pattern. 

[0065] Furthermore, the depth integrating means 120 
approximates the term (17) representing the phase of the 
light Wave in the inverse diffraction function represented in 
Eq. 12 by a function independent of the coordinate variables, 
e.g., Eq. 18. Therefore, the depth integrating means 120 can 
perform the integral With respect to Z before the tWo 
dimensional inverse discrete Fourier transform also for the 
term representing the phase of the light Wave. 

eikz (Equation 18) 
[0066] Instead of the above, the depth integrating means 
120 may approximate the term (17) representing the phase 
of the light Wave by a periodic function having, as the period 
of the coordinate variables, the ratio of the coordinate 
variables before the variable change to the coordinate vari 
ables after the variable change, e.g., a periodic function 
having a predetermined value With period KZ/A. This 
approximation also enables the depth integrating means 120 
to integrate the inverse diffraction function With respect to Z 
prior to the tWo-dimensional inverse discrete Fourier trans 
form. 

[0067] As described above, the depth integrating means 
120 can calculate the depth integral function by integrating 
the inverse diffraction function in Which the variable change 
has been performed, With respect to the variable Z repre 
senting the distance from the hologram pattern to a cross 
section. 

[0068] Subsequently, the inverse Fourier transform means 
130 performs a tWo-dimensional inverse discrete Fourier 
transform on the depth integral functions With respect to a 
plurality of lattice points in one cross section range for the 
coordinate variables after the variable change (S220). Thus, 
the inverse Fourier transform means 130 can generate the 
hologram pattern. The procedures of S210 and S220 are 
represented by Eq. 19. 

hiYJ-EDFT1[]dZMTELJ(Z)] (i,j=0,1 . . . , N-l) (Equation 19) 

[0069] Then, the display means 140 displays the hologram 
pattern generated by the inverse Fourier transform means 
130 on the LCD 145 (S230). 

[0070] As described above in the present embodiment, the 
generation device 10 executes the integrating processing 
With respect to a variable representing the distance from the 
diffraction pattern to be displayed to the hologram pattern 
before the tWo-dimensional inverse discrete Fourier trans 
form by appropriately determining the integration interval of 
the inverse diffraction function and the granularity of dis 
cretiZation. Thus, the number of times of a tWo-dimensional 
inverse discrete Fourier transform can be drastically 
reduced. 

[0071] FIG. 3 shoWs a block diagram of a generation 
device 10 in a modi?ed example. The generation device 10 
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in the present example has a tWo-dimensional image data 
base 150, distance information acquiring means 160, and 
inverse diffraction function generating means 170 in addi 
tion to the components of the generation device 10 of FIG. 
1. Moreover, the generation device 10 in the present 
example does not have to include the 3D object database 
100, the selecting means 110, and the depth integrating 
means 120. 

[0072] The tWo-dimensional image database 150 stores 
information representing each pixel of a tWo-dimensional 
image acquired by projecting the 3D object to be displayed 
as a diffraction pattern onto a predetermined plane such that 
the information is associated With distance information 
representing the distance from the relevant pixel to a portion 
of the 3D object recorded as the relevant pixel. Moreover, 
the tWo-dimensional image database 150 may acquire the 
tWo-dimensional image from other device communicating 
thereWith through a netWork. 

[0073] For example, the tWo-dimensional image database 
150 may store a tWo-dimensional image in conformity With 
the OpenGL standard, Which is an API for processing 
graphics. In this case, the tWo-dimensional image database 
150 stores data in the Z-buffer conforming to the OpenGL 
standard as the distance information. To be more precise, for 

the pixel having (X-coordinate, Y-coordinate)=(1, 0) of the 
tWo-dimensional image, the tWo-dimensional image data 
base 150 stores 0><0Ol0 representing colors or the like of the 
relevant pixel as information representing the relevant pixel 
and 0><C3 as the distance information of the relevant pixel. 
Note that the tWo-dimensional image database 150 may 
store a tWo-dimensional image having a data siZe com 
pressed by a predetermined processing. 

[0074] Then, the distance information acquiring means 
160 acquires the information representing each pixel of the 
relevant tWo-dimensional image from the tWo-dimensional 
image database 150 such that the information is associated 
With the distance information of the relevant pixel, and 
transmits the acquired information to the inverse diffraction 
function generating means 170. For each pixel of the tWo 
dimensional image, the inverse diffraction function gener 
ating means 170 generates an inverse diffraction function for 
determining a hologram pattern for displaying a portion of 
the 3D object recorded as the relevant pixel, based on the 
distance information at the relevant pixel, and transmits the 
inverse diffraction function to the inverse Fourier transform 
means 130. 

[0075] The inverse Fourier transform means 130 generates 
a hologram pattern by performing a tWo-dimensional inverse 
discrete Fourier transform on the received inverse diffraction 
functions With respect to variables representing the coordi 
nates of the tWo-dimensional image, and transmits the 
hologram pattern to the display means 140. The display 
means 140 displays the received hologram pattern on the 
LCD 145. 

[0076] FIG. 4 shoWs an operation How of the generation 
device 10 in the modi?ed example. The distance information 
acquiring means 160 acquires distance information for each 
pixel of a tWo-dimensional image acquired by projecting a 
3D object to be displayed as a diffraction pattern onto a 
predetermined plane (S400). Then, for each pixel of the 
tWo-dimensional image, the inverse diffraction function 
generating means 170 generates an inverse diffraction func 
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tion for determining the hologram pattern for displaying a 
portion of the 3D object recorded as the relevant pixel, based 
on the distance information at the relevant pixel (S410). 

[0077] For example, the inverse diffraction function is an 
integrand in the inverse function of the Fraunhofer diffrac 
tion integral function. In this case, the inverse diffraction 
function generating means 170 generates the term represent 
ing the phase of the light Wave in the relevant inverse 
diffraction function based on the distance information. 

[0078] The inverse Fourier transform means 130 generates 
the hologram pattern by performing a tWo-dimensional 
inverse discrete Fourier transform on the inverse diffraction 
functions With respect to variables representing coordinates 
of the tWo-dimensional image (S420). The display means 
140 displays the hologram pattern on the LCD 145 (S430). 

[0079] As described above, according to the present modi 
?ed example, the generation device 10 can generate a 
hologram pattern based on an existing tWo-dimensional 
image in conformity With the OpenGL standard or the like. 
Thus, a user can easily make the existing tWo-dimensional 
image three-dimensional. Moreover, similar to the genera 
tion device 10 in the embodiment, the generation device 10 
can generate a hologram pattern very fast by performing 
tWo-dimensional inverse discrete Fourier transform once. 

[0080] FIG. 5 shoWs one example of the hardWare con 
?guration of the generating device 10 in the embodiment or 
the modi?ed example. The generation device 10 includes a 
CPU peripheral section having a CPU 1000, a RAM 1020, 
a graphic controller 1075, and an LCD 145 Which are 
connected to each other through a host controller 1082; an 
input/output section having a communication interface 
1030, a hard disk drive 1040, and a CD-ROM drive Which 
are connected to the host controller 1082 through an input/ 
output controller 1084; and a legacy input/output section 
having a ROM 1010, a ?oppy disk drive 1050, and an 
input/output chip 1070 Which are connected to the input/ 
output controller 1084. 

[0081] The host controller 1082 connects the RAM 1020 
With the CPU 1000 and the graphic controller 1075 Which 
access the RAM 1020 at high transfer rates. The CPU 1000 
performs an operation based on programs stored in the ROM 
1010 and the RAM 1020 and controls each unit. The graphic 
controller 1075 acquires image data Which the CPU 1000 or 
the like generates on a frame buffer provided in the RAM 
1020, and displays the image data on the LCD 145. Instead 
of this, the graphic controller 1075 may include a frame 
buffer inside, Which stores image data generated by the CPU 
1000 or the like. 

[0082] The input/output controller 1084 connects the host 
controller 1082 With the communication interface 1030, the 
hard disk drive 1040, and the CD-ROM drive 1060, Which 
are relatively fast input/output devices. The communication 
interface 1030 communicates With an external device 
through a netWork. The hard disk drive 1040 stores pro 
grams and data used by the generation device 10. The 
CD-ROM drive 1060 reads a program or data from the 
CD-ROM 1095, and provides the program or the data for the 
input/output chip 1070 through the RAM 1020. 

[0083] Moreover, the ROM 1010 and the ?oppy disk drive 
1050, the input/output chip 1070, and the like, Which are 
relatively sloW input/output devices, are connected to the 



US 2005/0057787 A1 

input/output controller 1084. The ROM 1010 stores a boot 
program executed by the CPU 1000 When the generation 
device 10 is started, and a program dependent on the 
hardWare of the generation device 10 and the like. The 
?oppy disk drive 1050 reads a program or data from the 
?oppy disk 1090, and provides the program or the data for 
the input/output chip 1070 through the RAM 1020. The 
input/output chip 1070 is connected to the ?oppy disk 1090 
and various kinds of input/output devices through, for 
example, a parallel port, a serial port, a keyboard port, a 
mouse port, and the like. 

[0084] A program provided to the generation device 10 is 
provided by a user, in a state of being stored on a recording 
medium, such as the ?oppy disk 1090, the CD-ROM 1095, 
an IC card, or the like. The program is read from the 
recording medium through the input/output chip 1070 and/ 
or the input/output controller 1084, and installed on the 
generation device 10 to be executed. 

[0085] The program installed and executed on the genera 
tion device 10 includes a selecting module, a depth inte 
grating module, an inverse Fourier transform module, and a 
display module. The operation Which each module actuates 
the generation device 10 to perform is the same as that of the 
corresponding member in the generation device 10 
described in FIGS. 1 to 4. Therefore, a description thereof 
Will be omitted. 

[0086] The above-described programs and modules may 
be stored on an external recording medium. In addition to 
the ?oppy disk 1090 and the CD-ROM 1095, optical record 
ing media including DVDs and PDs, magneto-optical 
recording media including MDs, tape media, semiconductor 
memories including IC cards, and the like can be used as the 
recording medium. Moreover, a program may be provided to 
the generation device 10 through a netWork using, as the 
recording medium, a storage device such as a hard disk drive 
or aRAM, Which is provided on a server system connected 
to a dedicated communication netWork or the Internet. 

[0087] As apparent from the above description, the gen 
eration device 10 can generate a hologram pattern for 
displaying a desired 3D object fast. Speci?cally, the gen 
eration device 10 Widely sets the integration interval of an 
inverse diffraction function for determining a hologram 
pattern for displaying one point of the 3D object, depending 
on the distance betWeen the hologram pattern and a cross 
section of the 3D object. Thus, the generation device 10 
reverses the processing sequence of an integrating process 
ing and an inverse Fourier transform to reduce the number 
of times of an inverse Fourier transform. 

[0088] Moreover, the generation device 10 has a high 
af?nity for knoWn standards. Speci?cally, the generation 
device 10 can generate a hologram pattern for displaying a 
tWo-dimensional image in conformity With the OpenGL 
standard as a 3D object. 

[0089] Thus, the generation device 10 can generate a 
hologram pattern very fast compared With a knoWn device. 
This makes it possible to realiZe moving image reconstruc 
tion by holography using a computer having realistic com 
puting poWer. 

[0090] Although the present invention has been described 
above using the embodiment, the technical scope of the 
present invention is not limited to the scope of the descrip 
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tion of the above embodiment. It is apparent to those skilled 
in the art that various modi?cations and improvements can 
be made in the above embodiment. From the description of 
the claims, it is apparent that aspects in Which such modi 
?cations and improvements are made can also be included in 
the technical scope of the present invention. 

[0091] According to the above embodiment and modi?ed 
example, a generation device, a generation method, a pro 
gram, a recording medium described in the folloWing 
respective items can be realiZed. 

[0092] (Article 1) A generation device for generating a 
hologram pattern for displaying a3D object based on the3D 
object to be displayed, the generation device including: 

[0093] selecting means for selecting, as a cross sec 
tion range in each cross section of a plurality of cross 
sections into Which the 3D object is divided and 
Which are parallel to the hologram pattern, the cross 
section range being a range used for generating the 
hologram pattern, a cross section range overlapping 
cross section ranges in other cross sections in a case 
Where the relevant cross section is perspectively seen 
from a previously determined observation point on 
the hologram pattern; 

[0094] depth integrating means for calculating, for 
each of a plurality of lattice points in a coordinate 
system provided in one cross section range, a depth 
integral function acquired by integrating an inverse 
diffraction function for determining a hologram pat 
tern for displaying points of the 3D object, With 
respect to respective lattice points in the plurality of 
cross section ranges, the respective lattice points 
overlapping the relevant lattice point in a case Where 
the plurality of cross section ranges are perspectively 
seen from the observation point; 

[0095] and 

[0096] inverse Fourier transform means for generat 
ing the hologram pattern by performing a tWo 
dimensional inverse Fourier transform on the depth 
integral functions With respect to the plurality of 
lattice points in the one cross section range. 

[0097] (Article 2) The generation device according to 
Article 1, 

[0098] Wherein the selecting means selects the plu 
rality of cross section ranges by performing a vari 
able change from coordinate variables representing 
coordinates on each of the plurality of cross sections 
to variables acquired by dividing the coordinate 
variables by a distance to the relevant cross section, 

[0099] the depth integrating means calculates the 
depth integral function by integrating the inverse 
diffraction function in Which the variable change has 
been performed, With respect to a variable represent 
ing a distance from the hologram pattern to a cross 
section, and 

[0100] the inverse Fourier transform means performs 
the tWo-dimensional inverse Fourier transform With 
respect to the plurality of lattice points by perform 
ing an inverse Fourier transform on the depth inte 
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gral functions With respect to the coordinate vari 
ables in Which the variable change has been 
performed. 

[0101] (Article 3) The generation device according to 
Article 2, 

[0102] Wherein the inverse diffraction function is an 
integrand With respect to the coordinate variables in 
an inverse function of the Fraunhofer diffraction 
integral function, and 

[0103] the selecting rneans selects the plurality of 
cross section ranges by performing a variable change 
on the coordinate variables of the integrand and 
setting an integration interval With respect to the 
coordinate variables to a same previously deter 
mined interval for the plurality of cross section 
ranges in the inverse function of the Fraunhofer 
diffraction integral function. 

[0104] (Article 4) The generation device according to 
Article 2, Wherein the depth integrating rneans perforrns 
integration With respect to the variable representing the 
distance from the hologram pattern to a cross section by 
approXirnating a term representing a phase component of a 
light Wave in the inverse diffraction function by a value 
independent of the coordinate variables. 

[0105] (Article 5) The generation device according to 
Article 2, Wherein the depth integrating rneans perforrns 
integration With respect to the variable representing the 
distance from the hologram pattern to a cross section by 
approXirnating a term representing a phase component of a 
light Wave in the inverse diffraction function by a periodic 
function having, as a period of the coordinate variables, a 
ratio of the coordinate variables before the variable change 
to the coordinate variables after the variable change. 

[0106] (Article 6) The generation device according to 
Article 1, further comprising display means for displaying 
the hologram pattern generated by the inverse Fourier trans 
form rneans. 

[0107] (Article 7) The generation device according to 
Article 1, Wherein the selecting rneans selects, as each of the 
plurality of cross section ranges, a range having one side 
Which is proportional to a distance from the hologram 
pattern to the relevant cross section range and a Wavelength 
of a light Wave and inversely proportional to an inter-pixel 
distance of the hologram pattern. 

[0108] (Article 8) A generation device for generating a 
holograrn pattern, including: 

[0109] distance inforrnation acquiring means for 
acquiring, for each piXel of a two-dimensional irnage 
acquired by projecting a 3D object to be displayed 
onto a predetermined plane, distance inforrnation 
representing a distance from the relevant piXel to a 
portion of the 3D object, the portion being recorded 
as the relevant piXel; 

[0110] inverse diffraction function generating means 
for generating, for each piXel of the two-dimensional 
image, an inverse diffraction function for determin 
ing a holograrn pattern for displaying a portion of the 
3D object recorded as the relevant piXel, based on the 
distance information at the relevant piXel; and 
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[0111] inverse Fourier transform means for generat 
ing the hologram pattern by performing a tWo 
dirnensional inverse Fourier transform on the inverse 
diffraction functions With respect to variables repre 
senting coordinates in the two-dimensional image. 

[0112] (Article 9) A method of generating a holograrn 
pattern using a computer, the hologram pattern displaying a 
3D object based on the 3D object to be displayed, the 
method including the steps of: 

[0113] selecting, as a cross section range in each 
cross section of a plurality of cross sections into 
Which the 3D object is divided and Which are parallel 
to the hologram pattern, the cross section range 
being a range used for generating the hologram 
pattern, a cross section range overlapping cross sec 
tion ranges in other cross sections in a case Where the 
relevant cross section is perspectively seen from a 
previously determined observation point on the holo 
grarn pattern, using the computer; 

[0114] calculating, for each of a plurality of lattice 
points in a coordinate system provided in one cross 
section range, a depth integral function using the 
computer, the depth integral function being acquired 
by integrating an inverse diffraction function for 
determining a holograrn pattern for displaying points 
of the 3D object, With respect to respective lattice 
points in the plurality of cross section ranges, the 
respective lattice points overlapping the relevant 
lattice point in a case Where the plurality of cross 
section ranges are perspectively seen from the obser 
vation point; and 

[0115] generating the hologram pattern using the 
computer, by performing a two-dimensional inverse 
Fourier transform on the depth integral functions 
With respect to the plurality of lattice points in the 
one cross section range. 

[0116] (Article 10) A method of generating a holograrn 
pattern using a computer, including the steps of: 

[0117] acquiring, for each piXel of a two-dimensional 
irnage acquired by projecting a 3D object to be 
displayed onto a predetermined plane, distance infor 
rnation using the computer, the distance inforrnation 
representing a distance from the relevant piXel to a 
portion of the 3D object, the portion being recorded 
as the relevant piXel; 

[0118] generating, for each piXel of the tWo-dirnen 
sional image, an inverse diffraction function for 
determining a holograrn pattern for displaying a 
portion of the 3D object recorded as the relevant 
piXel, based on the distance information at the rel 
evant piXel using the computer; and 

[0119] generating the hologram pattern using the 
computer, by performing a two-dimensional inverse 
Fourier transform on the inverse diffraction func 
tions With respect to variables representing coordi 
nates in the two-dimensional image. 

[0120] (Article 11) A program for generating, using a 
computer, a holograrn pattern for displaying a 3D object 
based on the 3D object to be displayed, the program causing 
the computer to function as: 
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[0121] selecting means for selecting, as a cross sec 
tion range in each cross section of a plurality of cross 
sections into Which the 3D object is divided and 
Which are parallel to the hologram pattern, the cross 
section range being a range used for generating the 
hologram pattern, a cross section range overlapping 
cross section ranges in other cross sections in a case 
Where the relevant cross section is perspectively seen 
from a previously determined observation point on 
the hologram pattern; 

[0122] depth integrating means for calculating, for 
each of a plurality of lattice points in a coordinate 
system provided in one cross section range, a depth 
integral function acquired by integrating an inverse 
diffraction function for determining a hologram pat 
tern for displaying points of the 3D object, With 
respect to respective lattice points in the plurality of 
cross section ranges, the respective lattice points 
overlapping the relevant lattice point in a case Where 
the plurality of cross section ranges are perspectively 
seen from the observation point; and 

[0123] inverse Fourier transform means for generat 
ing the hologram pattern by performing a tWo 
dimensional inverse Fourier transform on the depth 
integral functions With respect to the plurality of 
lattice points in the one cross section range. 

[0124] (Article 12) A program for generating a hologram 
pattern using a computer, the program causing the computer 
to function as: 

[0125] distance information acquiring means for 
acquiring, for each piXel of a tWo-dimensional image 
acquired by projecting a 3D object to be displayed 
onto a predetermined plane, distance information 
representing a distance from the relevant piXel to a 
portion of the 3D object, the portion being recorded 
as the relevant piXel; 

[0126] inverse diffraction function generating means 
for generating, for each piXel of the tWo-dimensional 
image, an inverse diffraction function for determin 
ing a hologram pattern for displaying a portion of the 
3D object recorded as the relevant piXel, based on the 
distance information at the relevant piXel; and 

[0127] inverse Fourier transform means for generat 
ing the hologram pattern by performing a tWo 
dimensional inverse Fourier transform on the inverse 
diffraction functions With respect to variables repre 
senting coordinates in the tWo-dimensional image. 

[0128] (Article 13) A recording medium on Which the 
program according to any one of Articles 11 and 12 is 
recorded. 

[0129] According to the present invention, a hologram 
pattern can be generated fast. Although particular embodi 
ments of the present invention have been described in detail, 
it should be understood that various changes, substitutions 
and alternations can be made therein Without departing from 
spirit and scope of the inventions as de?ned by the appended 
claims. 

[0130] The present invention can be realiZed in hardWare, 
softWare, or a combination of hardWare and softWare. It may 
be implemented as a method having steps to implement one 

Mar. 17, 2005 

or more functions of the invention, and/or it may be imple 
mented as an apparatus having components and/or means to 
implement one or more steps of a method of the invention 
described above and/or knoWn to those skilled in the art. A 
visualiZation tool according to the present invention can be 
realiZed in a centraliZed fashion in one computer system, or 
in a distributed fashion Where different elements are spread 
across several interconnected computer systems. Any kind 
of computer system—or other apparatus adapted for carry 
ing out the methods and/or functions described herein—is 
suitable. A typical combination of hardWare and softWare 
could be a general purpose computer system With a com 
puter program that, When being loaded and executed, con 
trols the computer system such that it carries out the methods 
described herein. The present invention can also be embed 
ded in a computer program product, Which comprises all the 
features enabling the implementation of the methods 
described herein, and Which—When loaded in a computer 
system—is able to carry out these methods. 

[0131] Computer program means or computer program in 
the present conteXt include any expression, in any language, 
code or notation, of a set of instructions intended to cause a 

system having an information processing capability to per 
form a particular function either directly or after conversion 
to another language, code or notation, and/or after repro 
duction in a different material form. 

[0132] Thus the invention includes an article of manufac 
ture Which comprises a computer usable medium having 
computer readable program code means embodied therein 
for causing one or more functions described above. The 
computer readable program code means in the article of 
manufacture comprises computer readable program code 
means for causing a computer to effect the steps of a method 
of this invention. Similarly, the present invention may be 
implemented as a computer program product comprising a 
computer usable medium having computer readable pro 
gram code means embodied therein for causing a function 
described above. The computer readable program code 
means in the computer program product comprising com 
puter readable program code means for causing a computer 
to affect one or more functions of this invention. Further 

more, the present invention may be implemented as a 
program storage device readable by machine, tangibly 
embodying a program of instructions eXecutable by the 
machine to perform method steps for causing one or more 
functions of this invention. 

[0133] It is noted that the foregoing has outlined some of 
the more pertinent objects and embodiments of the present 
invention. This invention may be used for many applica 
tions. Thus, although the description is made for particular 
arrangements and methods, the intent and concept of the 
invention is suitable and applicable to other arrangements 
and applications. It Will be clear to those skilled in the art 
that modi?cations to the disclosed embodiments can be 
effected Without departing from the spirit and scope of the 
invention. The described embodiments ought to be con 
strued to be merely illustrative of some of the more promi 
nent features and applications of the invention. Other ben 
e?cial results can be realiZed by applying the disclosed 
invention in a different manner or modifying the invention 
in Ways knoWn to those familiar With the art. 
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What is claimed is: 
1. A generation device for generating a hologram pattern 

for displaying a 3D object based on the 3D object to be 
displayed, the generation device comprising: 

selecting means for selecting, as a cross section range in 
each cross section of a plurality of cross sections into 
Which the 3D object is divided and Which are parallel 
to the hologram pattern, the cross section range being 
a range used for generating the hologram pattern, a 
cross section range overlapping cross section ranges in 
other cross sections in a case Where the relevant cross 
section is perspectively seen from a previously deter 
mined observation point on the hologram pattern; 

depth integrating means for calculating, for each of a 
plurality of lattice points in a coordinate system pro 
vided in one cross section range, a depth integral 
function acquired by integrating an inverse diffraction 
function for determining a hologram pattern for dis 
playing points of the 3D object, With respect to respec 
tive lattice points in the plurality of cross section 
ranges, the respective lattice points overlapping the 
relevant lattice point in a case Where the plurality of 
cross section ranges are perspectively seen from the 
observation point; and 

inverse Fourier transform means for generating the holo 
gram pattern by performing a tWo-dimensional inverse 
Fourier transform on the depth integral functions With 
respect to the plurality of lattice points in the one cross 
section range. 

2. The generation device according to claim 1, 

Wherein the selecting means selects the plurality of cross 
section ranges by performing a variable change from 
coordinate variables representing coordinates on each 
of the plurality of cross sections to variables acquired 
by dividing the coordinate variables by a distance to the 
relevant cross section, 

the depth integrating means calculates the depth integral 
function by integrating the inverse diffraction function 
in Which the variable change has been performed, With 
respect to a variable representing a distance from the 
hologram pattern to a cross section, and 

the inverse Fourier transform means performs the tWo 
dimensional inverse Fourier transform With respect to 
the plurality of lattice points by performing an inverse 
Fourier transform on the depth integral functions With 
respect to the coordinate variables in Which the variable 
change has been performed. 

3. The generation device according to claim 2, 

Wherein the inverse diffraction function is an integrand 
With respect to the coordinate variables in an inverse 
function of the Fraunhofer diffraction integral function, 
and 

the selecting means selects the plurality of cross section 
ranges by performing a variable change on the coordi 
nate variables of the integrand and setting an integra 
tion interval With respect to the coordinate variables to 
a same previously determined interval for the plurality 
of cross section ranges in the inverse function of the 
Fraunhofer diffraction integral function. 
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4. The generation device according to claim 2, Wherein 
the depth integrating means performs integration With 
respect to the variable representing the distance from the 
hologram pattern to a cross section by approximating a term 
representing a phase component of a light Wave in the 
inverse diffraction function by a value independent of the 
coordinate variables. 

5. The generation device according to claim 2, Wherein 
the depth integrating means performs integration With 
respect to the variable representing the distance from the 
hologram pattern to a cross section by approximating a term 
representing a phase component of a light Wave in the 
inverse diffraction function by a periodic function having, as 
a period of the coordinate variables, a ratio of the coordinate 
variables before the variable change to the coordinate vari 
ables after the variable change. 

6. The generation device according to claim 1, further 
comprising: display means for displaying the hologram 
pattern generated by the inverse Fourier transform means. 

7. The generation device according to claim 1, Wherein 
the selecting means selects, as each of the plurality of cross 
section ranges, a range having one side Which is proportional 
to a distance from the hologram pattern to the relevant cross 
section range and a Wavelength of a light Wave and inversely 
proportional to an inter-pixel distance of the hologram 
pattern. 

8. A generation device for generating a hologram pattern, 
comprising: 

distance information acquiring means for acquiring, for 
each pixel of a tWo-dimensional image acquired by 
projecting a 3D object to be displayed onto a prede 
termined plane, distance information representing a 
distance from the relevant pixel to a portion of the 3D 
object, the portion being recorded as the relevant pixel; 

inverse diffraction function generating means for gener 
ating, for each pixel of the tWo-dimensional image, an 
inverse diffraction function for determining a hologram 
pattern for displaying a portion of the 3D object 
recorded as the relevant pixel, based on the distance 
information at the relevant pixel; and 

inverse Fourier transform means for generating the holo 
gram pattern by performing a tWo-dimensional inverse 
Fourier transform on the inverse diffraction functions 
With respect to variables representing coordinates in the 
tWo-dimensional image. 

9. A method of generating a hologram pattern using a 
computer, the hologram pattern displaying a 3D object based 
on the 3D object to be displayed, the method comprising the 
steps of: 

selecting, as a cross section range in each cross section of 
a plurality of cross sections into Which the 3D object is 
divided and Which are parallel to the hologram pattern, 
the cross section range to be used for generating the 
hologram pattern, a cross section range overlapping 
cross section ranges in other cross sections in a case 
Where the relevant cross section is perspectively seen 
from a previously determined observation point on the 
hologram pattern, using the computer; 

calculating, for each of a plurality of lattice points in a 
coordinate system provided in one cross section range, 
a depth integral function using the computer, the depth 
integral function being acquired by integrating an 
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inverse diffraction function for determining a hologram 
pattern for displaying points of the 3D object, With 
respect to respective lattice points in the plurality of 
cross section ranges, the respective lattice points over 
lapping the relevant lattice point in a case Where the 
plurality of cross section ranges are perspectively seen 
from the observation point; and 

generating the hologram pattern using the computer, by 
performing a tWo-dimensional inverse Fourier trans 
form on the depth integral functions With respect to the 
plurality of lattice points in the one cross section range. 

10. A method of generating a hologram pattern using a 
computer, comprising the steps of: 

acquiring, for each pixel of a tWo-dimensional image 
acquired by projecting a 3D object to be displayed onto 
a predetermined plane, distance information using the 
computer, the distance information representing a dis 
tance from the relevant pixel to a portion of the 3D 
object, the portion being recorded as the relevant pixel; 

generating, for each pixel of the tWo-dimensional image, 
an inverse diffraction function for determining a holo 
gram pattern for displaying a portion of the 3D object 
recorded as the relevant pixel, based on the distance 
information at the relevant pixel using the computer; 
and 

generating the hologram pattern using the computer, by 
performing a tWo-dimensional inverse Fourier trans 
form on the inverse diffraction functions With respect to 
variables representing coordinates in the tWo-dimen 
sional image. 

11. A program for generating, using a computer, a holo 
gram pattern for displaying a 3D object based on the 3D 
object to be displayed, the program causing the computer to 
function as: 

selecting means for selecting, as a cross section range in 
each cross section of a plurality of cross sections into 
Which the 3D object is divided and Which are parallel 
to the hologram pattern, the cross section range to be 
used for generating the hologram pattern, a cross sec 
tion range overlapping cross section ranges in other 
cross sections in a case Where the relevant cross section 
is perspectively seen from a previously determined 
observation point on the hologram pattern; 

depth integrating means for calculating, for each of a 
plurality of lattice points in a coordinate system pro 
vided in one cross section range, a depth integral 
function acquired by integrating an inverse diffraction 
function for determining a hologram pattern for dis 
playing points of the 3D object, With respect to respec 
tive lattice points in the plurality of cross section 
ranges, the respective lattice points overlapping the 
relevant lattice point in a case Where the plurality of 
cross section ranges are perspectively seen from the 
observation point; and 

inverse Fourier transform means for generating the holo 
gram pattern by performing a tWo-dimensional inverse 
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Fourier transform on the depth integral functions With 
respect to the plurality of lattice points in the one cross 
section range. 

12. A program for generating a hologram pattern using a 
computer, the program causing the computer to function as: 

distance information acquiring means for acquiring, for 
each pixel of a tWo-dimensional image acquired by 
projecting a 3D object to be displayed onto a prede 
termined plane, distance information representing a 
distance from the relevant pixel to a portion of the 3D 
object, the portion being recorded as the relevant pixel; 

inverse diffraction function generating means for gener 
ating, for each pixel of the tWo-dimensional image, an 
inverse diffraction function for determining a hologram 
pattern for displaying a portion of the 3D object 
recorded as the relevant pixel, based on the distance 
information at the relevant pixel; and 

inverse Fourier transform means for generating the holo 
gram pattern by performing a tWo-dimensional inverse 
Fourier transform on the inverse diffraction functions 
With respect to variables representing coordinates in the 
tWo-dimensional image. 

13. Arecording medium on Which the program according 
to claim 11 is recorded. 

14. Arecording medium on Which the program according 
to claim 12 is recorded. 

15. An article of manufacture comprising a computer 
usable medium having computer readable program code 
means embodied therein for causing generation of a holo 
gram pattern using a computer, the hologram pattern dis 
playing a 3D object based on the 3D object to be displayed, 
the computer readable program code means in said article of 
manufacture comprising computer readable program code 
means for causing a computer to effect the steps of claim 9. 

16. A program storage device readable by machine, tan 
gibly embodying a program of instructions executable by the 
machine to perform method steps for generating a hologram 
pattern using a computer, the hologram pattern displaying a 
3D object based on the 3D object to be displayed, said 
method steps comprising the steps of claim 9. 

17. A computer program product comprising a computer 
usable medium having computer readable program code 
means embodied therein for causing generation of a holo 
gram pattern for displaying a 3D object based on the 3D 
object to be displayed, the computer readable program code 
means in said computer program product comprising com 
puter readable program code means for causing a computer 
to effect the functions of claim 1. 

18. A computer program product comprising a computer 
usable medium having computer readable program code 
means embodied therein for causing generation of a holo 
gram, the computer readable program code means in said 
computer program product comprising computer readable 
program code means for causing a computer to effect the 
functions of claim 8. 


